R etrospective analyses of large databases and of several randomized controlled trials have demonstrated either no benefit or an increased risk of death in patients who are managed with a pulmonary artery catheter (PAC) (1) (2) (3) (4) (5) (6) (7) . For these reasons, several authors have questioned the utility of the PAC, and its use in critically injured patients has been called into question.
However, most studies on PAC use were composed largely or entirely of patients with medical illnesses (1, 3, 4) . Although PAC trials in surgical patients have been conducted, they evaluated perioperative use in high-risk patients or tested specific management techniques such as supranormal oxygen delivery protocols (2, 6 -9) . No study has been conducted to determine whether PAC use is associated with an increase in survival after injury.
Trauma patients are different from medical patients. Medical patients typically undergo PAC placement for management of organ failure or sepsis. Trauma patients may receive a PAC for these same reasons, but may also undergo PAC insertion as a means of guiding resuscitation. Therefore, the outcomes associated with PAC use in trauma patients may be different. The purpose of this study was to evaluate the association between PAC use and mortality in a large cohort of injured patients. We hypothesized that PAC use is associated with improved survival in critically injured trauma patients.
MATERIALS AND METHODS
The National Trauma Data Bank is an ongoing project of the American College of Surgeons that collects data from participating trauma centers around the country in a standardized format. For the time period of our analysis, the National Trauma Data Bank contained the records of Ͼ450,000 patients from 268 trauma centers, 20% of whom were admit- Measurements and Main Results: The National Trauma Data Bank was queried to identify patients aged 16 -90 yrs with complete data on base deficit, and Injury Severity Score (n ‫؍‬ 53,312). Patients were initially divided into two groups: those managed with a PAC (n ‫؍‬ 1,933) and those managed without a PAC (n ‫؍‬ 51,379). Chi-square and Student's t-test analysis were utilized to explore group differences in mortality. In a second analysis, groups were stratified by base deficit, Injury Severity Score, and age to further explore the influence of injury severity on PAC use and mortality. In addition, a logistic regression model was developed to assess the relationship between PAC use and mortality after adjusting for differences in age, mechanism, injury severity, injury pattern, and co-morbidities. Overall, patients managed with a PAC were older (45. 8 KEY WORDS: pulmonary artery catheter; complication; injury; trauma; mortality; National Trauma Data Bank ted to the intensive care unit. This provides an opportunity to explore the association between PAC use and outcomes in an age-and severityadjusted contemporaneous cohort of trauma patients managed with and without a PAC.
Data were obtained for the period of January 1994 through December 2001. Patients were included if they survived for Ͼ48 hrs, underwent at least one diagnostic or therapeutic procedure, and were 16 -90 yrs of age with complete information on survival, Injury Severity Score (ISS), and initial base deficit. These criteria identified 53,312 patients. The study population was divided into two groups: those who underwent insertion of a PAC during hospital stay (n ϭ 1,933) and those who did not (n ϭ 51,379).
Patients were first compared by age, preexisting conditions, injury type, injury severity, and complications using chi-square analysis. Injury severity was estimated by ISS (anatomic measurement) and emergency department (ED) base deficit (physiologic measurement). Stratified analysis was then conducted based on age, ISS, and ED base deficit. The relationship between PAC use and survival was measured within each stratum using chisquare or Fisher's exact test.
We chose ISS, which systematically incorporates injuries from multiple body regions into an overall score, as an anatomic marker of injury severity because it is a well-validated method of stratifying patients after injury and has a strong correlation with mortality (10, 11) . The strength of this correlation is improved when it is coupled with a physiologic measurement of injury severity, such as the base deficit (12, 13) .
Logistic regression analysis was used to develop a parsimonious model that predicted mortality after injury. The factors included in the model were PAC use, age, ED base deficit, ISS, presence of co-morbid conditions (liver, kidney, or heart disease), mechanism of injury (blunt vs. penetrating), and specific injury pattern (head, chest, or abdominal injury) as quantified by the Abbreviated Injury Scale (14) . Using the patient characteristics associated with more severe injury (advanced age, elevated ISS, and abnormal ED base deficit), the study population was divided into two groups: those with severe injury characteristics and those without. The model was then applied to each of these two groups to determine the influence of injury severity on the association between PAC use and mortality.
Data are presented as mean Ϯ SD for continuous variables and as proportions for categorical variables; p Ͻ .05 was considered significant for all analyses. SPSS (SPSS, Chicago, IL) for Windows and SAS (SAS Institute, Cary, NC) for Windows were used for data management and analysis. This research was approved by the Institutional Review Board at the University of Texas Southwestern Medical Center.
RESULTS
Overall, patients managed with a PAC were older, had higher ISS, greater ED base deficit (Table 1) , and higher mortality (PAC, 29.7%; no PAC, 9.8%; odds ratio, 3.58; 95% confidence interval, 3.26 -3.93).
Patients with spine, abdominal, chest, or head injury and those with at least one Abbreviated Injury Scale score of Ն3, were more likely to be managed with a PAC (Table 1) . In those patients with a preexisting condition (n ϭ 16,722), car- 
PAC, pulmonary artery catheter; AIS, Abbreviated Injury Score; ARDS, acute respiratory distress syndrome; MI, myocardial infarction; VTE, venous thromboembolism. a A total of 5,658 patients with incomplete data for injury characteristics were excluded; b 36,590 patients with incomplete data for pre-existing conditions were excluded; c 45,024 patients with incomplete data for complication conditions were excluded. diac disease was the most common in both groups (Table 1) . Those patients who developed complications (n ϭ 8,288), such as infection, pneumonia, acute respiratory distress syndrome, acute renal failure, or myocardial infarction, were more likely to have been managed with a PAC (Table 1) . PAC use was associated with increased mortality in all subgroups of ISS, ED base deficit, and age (Table 2) . However, as age, base deficit, and ISS increased, the risk of death associated with PAC use decreased, and an apparent benefit of PAC use emerged ( Table 2 ). As shown in Table  3 , severely injured patients (ISS Ն 25) with a large base deficit (less than or equal to Ϫ11) had a reduction in mortality if they were managed with a PAC. The reduction in mortality associated with PAC use for severely injured patients in shock persisted across all age groups, although this effect did not reach significance for the age group of 41-60 yrs. In addition, PAC use in older patients was associated with improved survival, even if the base deficit was only moderately abnormal (Fig. 1, Table 4 ). In contrast, less severely injured trauma patients (ISS, 16 -24) and severely injured patients without a high admission base deficit (more than Ϫ5) have an increased mortality if they undergo PAC placement, regardless of age (Fig. 2, Table 5 ).
Logistic regression analysis identified the following factors as independent predictors of mortality after injury: age, ED base deficit, ISS, use of a PAC, penetrating mechanism, head injury, and chest injury (Table 6 ). Hosmer and Lemeshow goodness of fit for this model was 0.47. Odds ratio for PAC use demonstrated an increase in the risk of death after injury (1.294; 95% confidence interval, 1.059 -1.580). However, when the model was applied to severely injured patients, a benefit to PAC use was uncovered (odds ratio, 0.593; 95% confidence interval, 0.437-0.805) ( Table 6) .
DISCUSSION
This study found that the use of a PAC in the management of critically injured patients presenting to the ED in severe shock is associated with a survival benefit. Conversely, those who are initially stable at arrival, as defined by normal base deficit, have increased mortality when a PAC is required during their hospital course.
One potential explanation for these findings is that severely injured patients who arrive in shock undergo early PAC insertion to guide resuscitation. Conversely, patients who arrive without evidence of shock do not have an immediate indication for PAC use and are more likely to undergo insertion later in their hospital course. This latter group most likely undergoes late PAC placement due to the development of complications from their injuries, such as sepsis or organ failure, and are a different group of patients than those undergoing PAC placement acutely due to the presence of severe shock at arrival to the ED.
Although PAC use was associated with an increase in mortality overall, it was 
PAC, pulmonary artery catheter; BD, base deficit; ISS, Injury Severity Score; BE, base excess. associated with a protective effect in patients with severe shock, regardless of age, and in older patients with moderate shock. We also found that the highest risk of death associated with PAC use was in younger patients who arrived at the ED without a significant base deficit. Moreover, no survival benefit was detected with PAC use in patients arriving at the ED without evidence of shock. Overall, these findings support the hypothesis that PAC use in trauma patients with the presence of severe shock at the time of admission provides a survival benefit. Our results are similar to those reported by Chittock et al. (15) in an observational study of Ͼ7,000 critically ill patients in which the highest risk of death associated with PAC use occurred in those with the lowest Acute Physiology and Chronic Health Evaluation (APACHE) II scores, but a survival benefit was associated with PAC use when APACHE II scores were very high. Our results contrast with those of Connors et al. (1), who reported an increase in 30-day mortality for critically ill patients managed with a PAC. In the latter study, a propensity score was developed to determine the likelihood of PAC placement. Patients managed with a PAC were compared with a control group of patients with similar propensity scores who did not undergo PAC insertion. However, the propensity score has never been validated as a predictor of PAC use. Moreover, this study did not stratify patients by severity of illness, as did our study and the study reported by Chittock et al (15) .
In addition, we found that patients with preexisting cardiac disease and those patients developing complications after injury (Table 1) were more likely to be managed with a PAC. The more frequent use of a PAC in patients with underlying co-morbidities or complications may account for the increase in overall mortality in patients managed with a PAC after admission for injury.
Another potential reason why the PAC has been associated with higher mortality is that most previous studies were conducted in hospitals with open intensive care units, where any physician on the medical staff could admit a patient to the unit and place a PAC. Most trauma surgeons caring for critically injured patients are experts in intensive care management and have added qualifications in surgical critical care. Lack of knowledge about appropriate PAC use and misinterpretation of PAC data may offset any potential benefit associated with PAC use (16, 17) .
The findings of our study must be interpreted within the context of its limitations. The first limitation is that although the National Trauma Data Bank contained Ͼ450,000 patients at the time of this analysis, only 53,000 patients met inclusion criteria. Most were excluded due to missing data points. Those patients surviving for Ͻ48 hrs were excluded to eliminate patients with nonsurvivable injuries. This raises the possibility of survivor bias. In addition, although this analysis contained Ͼ50,000 patients, its retrospective design and subgroup analysis is not best suited for hypothesis testing and is more appropriate for the generation of new hypotheses. Lastly, neither the timing of PAC placement nor cause of death could be ascertained with certainty by analysis of the National Trauma Data Bank. Therefore, we cannot be certain that patients with signs of severe shock and high injury severity had better survival with a PAC as a result of early insertion.
Despite these limitations, we believe the findings of this study have important implications for trauma care. Unlike general medical patients who typically undergo PAC insertion to manage complications, injured patients may derive benefit from PAC-guided resuscitation to avert complications related to persistent perfusion deficits. This analysis is consistent with this hypothesis and suggests that guidelines and consensus documents that question the utility of the PAC may not apply to critically injured patients.
CONCLUSIONS
In summary, mortality was greater in trauma patients managed with a PAC. However, when other factors that may influence injury severity were considered, such as age, severity of shock, and anatomic injury scoring, PAC use was associated with a decrease in mortality. The results of our study suggest that PAC insertion is associated with improved outcome in critically injured patients with severe shock at admission and in elderly patients with moderate shock. A prospective randomized, controlled trial of immediate PAC insertion to guide fluid resuscitation in severely injured or elderly trauma patients requiring intensive care unit admission is needed to confirm these findings.
